INTRODUCTION
It is generally accepted that urinary hydroxyproline (H. P) is closely related to the turnover rate of collagen metabolism.1) This is why urinary H. P excretion can be used to estimate the growth potential of children.2),3) However there may be several other factors which also affect the amount of urinary H. P but are independent of growth potential. Investigations of these factors will be worthwhile in using urinary H. P excretion as a more reliable index of growth potential.
Ziff and co-workers4) observed an increased excretion of H. P when it was added to the diet of human subjects in the form of gelatin.
Their results suggest the possibility that a part of urinary H. P may originate from dietary proteins in the usual diet. On the other hand, procop et al. 5) found that although ingestion of large amounts of gelatin increased urinary H. P, its urinary excretion did not decrease when H. P was eliminated from the normal diet, or even if subjects were placed on a protein-free diet. From these findings they reported that the daily excretion of H. P is practically independent of factors that influence the excretion of other amino acids.
In this study, daily variation of urinary H. P excretion was investigated in five healthy men and women, putting emphasis on its relation to the daily protein intake.
The daily variation of urinary creatinine, which is usually used as an index for the standardization of the concentration of various substances in a spot urine sample, was also investigated in the same five subjects.
METHODS
The subjects are 5 healthy adults (2 females and 3 males) with an age range of 28-42 years old. They are all research workers themselves in the same laboratory. They continued their everyday activities and were placed on an ad lib. diet except for 2 days when gelatin was supplemented experimentally. For each subject urine was collected separately during daytime and nighttime (daytime is from about 7 o' clock in the morning to about 6 o'clock in the afternoon and nighttime is from 6 o'clock in the afternoon to about 7 o'clock the next morning) for 18-44 successive days in the summer of 1981. Table 1 shows arithmetic means (m), standard deviations (S. D) and coefficients of variation (C. V) of urinary H. P, creatinine, H. P/creatinine and urine volume for daytime, nighttime and whole day, and those of daily animal and total protein intake in each subject. The mean H. P per day differs from subject to subject ranging from 18.0 to 24.8mg but the difference does not seem to be systematic by age and by sex. The difference of mean H. P between daytime and nighttime is negligible in all of the five subjects. C. V of daily H. P excretion ranges from 12.6 to 19.8%. The C. V of H. P excretion for both daytime and nighttime are somewhat larger than that for 24 hours, but the size and/or direction of the difference of C. V between daytime and nighttime is divergent among the five subjects.
RESULTS
The mean daily creatinine excretion is higher in males than in females. The difference of mean creatinine excretion between daytime and nighttime is not large in all subjects. C. V of daily creatinine excretion ranges from 3.6 to 8.5% and is much smaller than that of H. P. The C. V of creatinine excretion for daytime and nighttime is somewhat larger than that for 24-hours in every subject and the value for daytime is larger than that for nighttime except for subject J. I.
The mean H. P/creatinine for 24-hours ranges from 12.5 to 21.5. It is found that the order of the size of H. P/creatinine among the five subjects does not agree with the order of the absolute amount of H. P excretion. The C. V of daily H. P/creatinine is nearly the same as that of daily H. P. The C. V of urine volume is relatively great ranging from 25.4 to 38.5% for daytime or nighttime.
The mean total (sum of animal and vegetable) protein intake per day ranges from 78.3 to 87.0 g for males and 63.3 to 65.2g for females, and the C. V of animal protein is much greater than that of total protein.
Figures 1-3 show day to day variations
of daily urinary H. P, creatinine and protein intake, respectively, in 3 subjects whose periods of urine collection were relatively long. Amount of H. P excretion increased considerably on the same or the next day on which gelatin was added to the diet, greater increase by adding 6g than 3g of it (circled in figure 1 ). From visual inspection of the figures, it is clear that urinary H. P, creatinine and protein intake fluctuate day by day considerably, but it is impossible to detect the characteristics of the time series exactly. Whether or not any periodicity can be found in each time series of H. P and creatinine was checked by calculating the autocorrelations (order 0 to 10), excluding the data after the day on which gelatin was added to the diet. Figure 4 shows these autocorrelations.
The autocorrelation is always maximum (unity) at order 0, and declines rapidly to zero with the increase of the order in the absence of systematic temporal patterns such as trend, cycle, etc.. Therefore, the autocorrelation analysis will be useful to find some properties of the time series of the variable. The autocorrelations of urinary H. P and creatinine generally decline to zero relatively rapidly with the increase of order, suggesting that there are no systematic temporal patterns although the number of days investigated was not large enough to confirm the characteristic of the time series.
Whether or not the fluctuation of urinary H. P and creatinine for daytime or nighttime has some connection with the daily protein intake was examined by the method of lagged cross-correlation. Table Fig. 1 The day to day variations of urinary hydroxyproline in three subjects. Circled points show the effect of gelatin supplemented to diets and the arrows indicate the days when 6g and 3g of gelatin were added respectively. Fig. 2 The day to day variations of urinary creatinine in three subjects. Fig. 3 The day to day variations of total protein intake in three subjects. 2 shows the correlations of H. P and creatinine for daytime and nighttime with daily protein intake on the same day, and on 1 and 2 preceding days. For H. P, the data after the day on which gelatin was added to diet, was not included in this calculation.
The results obtained were not the same among the five subjects, but in four out of the five subjects, H. P during daytime and/or during nighttime was correlated significantly positively with the amount of total and/or animal protein intake on the same day or one or two days before, and in three out of the five subjects, creatinine during daytime or nighttime was correlated significantly positively with the amount of total and animal protein intake on the same day or one day before. In every subject, correlations between daily urinary H. P, creatinine and daily urinary volume were not statistically significant. Table 2 Correlation coefficients between the urinary hydroxyproline and creatinine for daytime and nighttime of a day and daily protein intake on the same day (time lapse 0), and on 1 (time lapse 1) and 2 (time lapse 2) preceding days.
DISCUSSION
It is widely accepted that urinary H. P reflects the rate of collagen metabolism such as synthesis, degradation and further breakdown of H. P peptides to carbon dioxide and urea. If urinary H. P accurately reflects only the rate of collagen metabolism in the body, the amount of daily H. P excretion must be almost constant, at least in normal adult subjects.
Dull et al.8) measured the daily urinary H. P on six successive days for an adult subject on a constant diet and found that urinary H. P was remarkably constant ranging from 39 to 44 mg per 24 hours.
In contrast, Allison et al.9) measured daily urinary H. P on 4-5 successive days for 6 subjects aged 16-52 years old, and found that there were considerable day to day variations in daily urinary H. P, although the range of the variation differed from subject to subject (C. V 7-45%). In the present study, urinary H. P and H. P/creatinine during 17-42 successive days showed considerable day to day variations for all the five subjects on an ad lib. diet (C. V 12.6-19.8 % for H. P and 13.2-19.5 % for H. P/creatinine). It seems to be true that daily urinary H. P excretion fluctuates considerably from day to day at least when the food intake is not kept constant every day. It is hardly expected that the collagen metabolism of healthy adult subjects who have terminated their physical growth can change considerably day by day. Therefore, it is reasonable to think that there are some factors which are not directly related to collagen metabolism, but which can affect the amount of H. P excretion.
Such factors, 1) dietary H. P and protein intake, 2) the rate of plasma clearance in the kidney Regarding the influence of dietary H. P and protein intake on urinary H. P excretion, Kivirikko et al. (1970) have shown that only a small part (less than 10%) of the ingested H. P is excreted in urine, although excretion of urinary H. P increases markedly after the ingestion of H. P in the form of gelatine. In this study significant positive correlations were found between the amount of H. P in daytime and/or nighttime urine of a day and the amount of total and/or animal protein intake on the same day or on the previous day in four out of five subjects (Table 2, Figure 5 ), although the amount of urinary H. P did not necessarily increase on or after the day in which unusually large amounts of protein were ingested ( Figures 1, 3, 5 ). This finding seems to suggest that the amount of urinary H. P excretion can be affected by the day to day fluctuation of protein intake, although it is unknown which form of H. P excretion, peptides or free, is mainly affected by the dietary protein intake. The facts that the absolute value of the correlation coefficient and time lag in change of urinary H. P after the change of protein intake differed from subject to subject, and the correla- ranges from 3% to 20% in different subjects, the average probably being about 10%. In the present study the C. V of daily creatinine excretion ranged from 3.5 to 8.4%, and that of daytime or nighttime from 4.0 to 13.2%, thus the stability of daily creatinine excretion was reconfirmed,
In the present study, significant positive correlations were found between protein intake in a day and creatinine excretion on the same day or the next day for three out of five subjects.
This finding seems to contradict the present-day opinion that urinary creatinine excretion is not affected by the amount of protein intake. Because urinary creatinine excretion is usually used as an index for the standardization of various substances in a spot urine sample, it will be worthwhile to study the relation between protein intake and urinary creatinine excretion more vigorously.
SUMMARY
The day to day variations of urinary hydroxyproline (H. P) and creatinine excretion were investigated in five (two women and three men) healthy adults aged 28-42 years old under an ad lib. diet, collecting daytime and nighttime urine separately on 17-42 successive days. The daily protein intake of these subjects was also investigated, and the relation between daily H. P or creatinine excretion and daily protein intake was evaluated.
The following results were obtained:
1. Urinary H. P and H. P/creatinine have shown considerable day to day variations for all the five subjects (C. V 12.6-19.8% for H. P and 13.2-19.5% for H. P/creatinine). The day to day variation of creatinine excretion was much smaller than that of H. P (C. V 3.6-8.5%). The autocorrelation analysis of these time series suggested that there was no systematic temporal pattern. 2 . In four out of five subjects, urinary H. P excretion during daytime and/or nighttime of a day showed significant positive correlations with the amount of protein intake on the same day or one or two days before.
This finding suggests that the amount of urinary H. P excretion may be affected by dietary protein intake. 3. The difference of mean H. P excretion between daytime and nighttime was negligible in all five subjects.
